Flow hydraulics play important roles in soil erosion and loss of soil nutrients. A better understanding of the relationship between flow hydraulics and nutrient losses will improve chemical transport modeling. The laboratory experiment was conducted to determine flow hydraulics' effects on total nitrogen (TN) loss. The impacts of rainfall intensities (0.6, 1.1, 1.61, 2.12, and 2.54 mm·min 
INTRODUCTION
Soil erosion and loss of soil nutrients has become a global environmental problem of growing concern. Physically, nutrients can move from soil to water as they become dissolved in runoff water or may be moved in particulate form when bound to suspend sediment (Panuska et al. ) . The loss of soil nutrients depends on soil conditions, rainfall intensity, flow hydraulic, slope, and vegetation cover (Fraser et al. ; Pan & Shangguan ) . Understanding how nutrients are transported from hillslope to water and their dynamic can also provide an important basis for ecological restoration.
Soil nutrient from the sloping cropland to the stream is controlled by the interaction of nutrient source factors (soil, crop, and land use) with its transport factors (surface runoff, subsurface runoff (SSR), and sediment). Zöbisch et al. () reported that total loss of nutrients was dependent on the total amount of runoff and soil loss. Researches indicate that both surface and SSR are important hydraulic pathways for nutrient transport ( Jia et al. ) . The generation of SSR depends on soil properties, water conductivity, slope gradient, and rainfall intensity (Naef et al. ) . The hydrological processes and the associated erosional responses are known to be related to soil properties. Many reasons, such as shallow and loose soil layer, the excessive use of nitrogen, and numerous rainstorms, have caused serious soil erosion in the purple soil region, and is a major environmental problem in China (Fu et al. ; Peng et al. ) . Average soil erosion rates in the purple soil region have reached 3,400 t km À2 year À1 , and in some areas even reached 9,000 t km À2 year À1 (Wen et al. ) .
Considering purple soil showing the overlying soil and underlying rock which is known as 'the Geotechnical dual structure', SSR is a prominent runoff process in purple soil slope (Niu et al. ) . Hubbard & Sheridan () reported that from a small, upland, coastal plain watershed, 99% of total NO 3 -N loss occurred in SSR. Moreover, a vast number of studies have investigated relationships that describe sediment detachment and nutrient transport. The general agreement is that suspended sediment serves as the delivery mechanism for nutrient pollutants (Shi et al.
; Molder et al. ).
The amount of nutrient loss is directly proportional to the amount of soil loss (Kothyari et al. ) . More information on slope hydrological processes and nutrient transformation of purple soil is needed to better understand the behavior and interaction of the different pathways from runoff and sediments that make up nutrients' transport processes.
As soil erosion by rainfall is highly dependent on flow hydraulic properties (flow velocity, flow regime, stream power, and hydraulic resistance), often, concepts were taken from the literature on alluvial rivers and applied to slope erosion. Flow velocity (V ) can be used to study rill erosion according to the self-similarity theory (Di Stefano et al.
). Sajjadi & Mahmoodabadi () indicated that rain-
induced sediment concentration at small scales can be modeled on the basis of flow velocity. Reynolds number (Re) is an important parameter to describe the hydraulic characteristics of the rill flow:
where h is mean flow depth (m), V is flow velocity (m·s À1 ), υ is kinematic viscosity coefficient (m 2 ·s À1 ). For a given shear stress, detachment rate by shallow flow is primarily associated with flow regime (Nearing & Parker ) .
Many studies have incorporated stream flow equations and variables to characterize hydraulic resistance, expressed as Darcy-Weisbach ( f ) and Manning friction coefficients (n):
where g is acceleration of gravity (m·s À2 ), S is slope gradi- Each sample was sieved for a duration of 30 min at a frequency of 30 min À1 and 3 cm amplitude of the movement.
Experiment setup
The study was carried out in the soil erosion laboratory The soil sample was packed in the flume layer with 10 cm increments with a final height of 40 cm, and its sand, silt, and clay contents were 46%, 23%, and 31%, respectively. The bulk density of packed soil in the flume was 1.35 g·cm -3 . Before each rain simulation, a known amount of rainfall was sprayed to minimize the differences in antecedent soil moisture. Both surface and SSR-collection pails at the flume outlet were changed periodically. At the beginning of runoff generation, samples were collected every 2 min. When the flow reached a stable state, the sampling interval was set to 5 min. After each rainfall, the amount of runoff in each pail was weighed on a balance.
The sediment was deposited in the pails, and then a siphon was used to transfer the supernatant into polyethylene bottles. Soil samples were air dried and weighed, and all samples were preserved in a refrigerator at 4 W C; analysis was complete within 24 h of collection. Sediment yield was determined as the dry sediment mass, while sediment yield rate was defined as dividing sediment yield per unit area by the period of time. All treatments were conducted in three replicates. All runoff samples were analyzed for TN, using standard methods (APHA ). For the sediment samples that were yielded from the plot, sediment TN was determined by the Kjeldahl method.
Measurements of hydrodynamic parameters
Surface The average flow depth was calculated from Equation (4):
where h is mean flow depth (m), Q is surface runoff volume during t time (L), and q is the unit discharge of surface runoff (m 2 ·s À1 ).
The hydraulic shear stress (τ) and stream power (W )
were calculated from Equations (5) and (6), respectively:
where τ is the hydraulic shear stress (N·m One-way analysis of variance (ANOVA) was used to analyze the difference of runoff and sediment and the least significant difference (LSD) method at the 0.05 probability level was used to identify statistical differences among treatments. The relationships between flow hydraulics and TN losses were analyzed by a simple regression method. All of these analyses were conducted using SPSS 20.0 software.
RESULTS AND DISCUSSION
Effects of rainfall intensity and slope gradient on runoff distribution and sediment concentration
The ANOVA showed that rainfall intensity and slope gradient had significant effects on runoff distribution and sediment yield. Mean surface runoff volume ranged from 38.6 to 49.1 mm (Figures 2 and 3 
Nitrogen losses in surface runoff, SSR, and sediment
The mass loss and concentrations of TN under different rainfall intensities and slope gradients are shown in Figure 4 .
In all three delivery mechanisms, the mass loss of TN 
This finding revealed that for purple soil at the small scale of the flume, the rate of Manning roughness coefficient to average flow depth could be used for runoff-associated TN loss. Similarly, Guo et al. () found that the parameter of n/h was a good hydraulic parameter as an indicator for solute transport.
Relationship between hydraulic properties and sediment-associated TN loss A new equation for the unit area sediment-associated TN transport rate was obtained:
The statistical model, Equation (9), may provide a better correlation coefficient (R 2 ¼ 0.94) than Equation (8) (R 2 ¼ 0.90) for estimating sediment-associated TN transport rate in purple soil.
The results of the current study indicate that TN transport was closely related to the rate of Manning roughness coefficient to average flow depth, Reynolds numbers, stream power, and flow velocity. Equations (7) and (9) were convenient and effective for predicting runoff-associated TN transport rate and sediment-associated TN transport rate, respectively. However, some studies found 
